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FLIGHT TEST EVALUATION OF OH-58A
TAILBOOM FAILUR E DUR ING AUT OROTATION

LANDINGS

SUMMA Y

A flight test program was initiated in September 1971, under Contract
No. DAA.J01-70-C~-OO57(2E) and Product Improvement Task No. 69-45 , to
investigate the cause(s) of the Model OH-58A tailboom failures occur-
ring in service and to explore methods of eliminating this type of
failure.

A thre e phase company investigation was initiated and consisted of.(l)
a mathematical analysi s and associated compu ter runs , (2) a series of
ground vibration tests , and (3) a ground tiedown and flight test. The
results of the flight evaluation , phase 3, are presented in this report.

Two Model OH-58A Helicopters , S/N ’ s 41080 and 41155, were utilize d dur-
ing the evaluation.

With a telemetry capability of monitoring critical parameters , a series
of tests were conducted and data obtained. Analysis of the data that
were recorded during autorotations showed that when touchdowns were made
at abnormally high speeds and at abnormally low ro tor rpm , ~ift fuselage
wrinkling and failure of the tailboom occurred. This damage occurred
when loads were introduced into the fuselage at the pylon spike stops
via the main rotor flapping stops. This was demonstrated during the
evaluation when a tailboom failure was duplicated to study the influ-
ential circumstances associated with the failure.

Results of this test indicate that autorotation touchdown airspeeds in
excess of 30 knots should be avoided and upon ground contact the col-
lec tive shoul d be smoo thly reduced as soon as touchdown conditions per-
mit. Also , tests conducted with the collective range reduced by
approximately 20 percent showed a substantial reduction in main rotor
flapping and pylon behavior.

From the results of this test , it is concluded that the tailboom fail-
ures exp erience d by the Army (which caused initiation of this test pro-
gram) would not have occurred had proper autorotative techniques been
observed. That is to say that primarily cyclic con trol shou ld be
utilized to flare the helicopter so as to arrest forward airspeed and
initial rate of descent. Application of collective thereafter should
occur and only in close proximity to the ground to arrest rate of
descent for the last few feet of altitude until ground contact is made .
Upon ground contact , collective should be smoothly reduced as soon as
practical; not increased. This techn ique is recognized by hel icopter
pilots throughout the world as the safe and proper method of making a
full autorotative landing . Conversely, a technique of fly ing the heli-
cop ter to the groun d , primarily by the use of collective , is improper
in that (1) it is inhe rently un safe (miscalcul at ion by the pilo t can

206— 194- 134 vi

_ _ _ _  - . -
~~~
----- - 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
..



~~~~~~~~~ -~~~~ - ------~~~~~~~~~~~~~
-

~~~~

BELL Use or C s ’  Iosii ’e ol ~~ On hiS j lJ~.n S

H5~LICQPTE~~ CC)MPAPIY SL t.tn ( t  to tti e t i s l i  I -IT Oil lie t s t ~. - i . ,.

- SUMMARY - (cont)

- result in the helicopter be ing too high off the ground with  no arrest-
ing capabilities remaining) ,  and (2) it results in abnormally high
touchdown speeds and abnormally low rotor rpm . Other types of rotor
systems for  other helicopters flown in this  manner are equall y unf or-
giving .

Tests were conducted at  the Bell Helicopter Company (BHC ) F l igh t
Research Center , ArLington , Texas .
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FLIGHT TEST EVALUATION OF OH-58A
TAILBOOM FAI LU RE DURING AUTOROfAT ION

LANDINGS

INTRODUCTION

A flight test program was i n i t i a t e d  to invest igate U. S. Army reported
OH-58A tailboom failures during autorotation touchdown landings. The
intent of the investigation was to explore methods or techniques of
eliminating these failures and make appropriate  recommendat ions .

A standard Model OH-58A Hel icopter , S/N ~lO8O , was instrumented and —

several h ypo theses were to be inves t iga ted .  Test emp has is was
directed towards the fo l lowing ground and possible f l i g h t eva lua t ions .

A. Ground Run Tiedown Evaluat ion of

I. Baseline pylon stab ility.

2. Effect of first and second drive system tors ional  mode on
pylon damp ing .

3. Blade chord natural frequency and feedback at high collective
pitch.

4. Damping of pylon fore and aft , lateral mode .

5. Coriolis Force Excitation. -

B. Possible Flight Evaluation of

1. Bind ing of the main rotor flapping bearings under hig1~ collec-
tive pitch and low rotor speed resulting in an unstable rigid
rotor effect producing pylon whirl and pylon stop contact .

2. Rotor blade resonant amplification (chord and/or beam) which
cou ld pro duce large py lon motions and hig h control b ids.

3. The effect of significant rotor out-of-balance resulting in
excessive pylon response and possible contact of the py lon
stops as pylon modes are transitioned.

4. Pylon whi r l  induced by pylon stop contact with high rotor con-
ing , sustained and amplif ied by symmetric chordwise deflection
of - the rotor blades.

5. High main rotor one-per—rev hub forces produced by Coriolis
accelerations resulting from cyclic inputs in the presence of
high rotor coning .

Additional tests were conducted on the Model OH-58A Helicopter , S/N
41155 , to evaluate a reduction in the available collective range.

206-194-134
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INTRODUCT ION - (cont)

Flights were performed at the BHC Flight Research Center , Arling ton ,
Texas. The first ground run was conducted on 20 September 1971 and
the last flight was completed 21.4 November 1971.

The dynamic characteristics of the rotor , pylon , drive train , fuselage ,
and skid gear were evaluated in detail by the Dynamic Group and results
are on file but not presented in this report.
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INST RUMENTATION

The a irborne data acquis i t ion  system installed in the Model OH-58A
Helicopter , S/N 41080 , cons isted of an oscillograph recorder and a
telemetry package .

The oscilbograpli was a standard 18 channel Consolidated Electrodynamics
Corporation Model S_blL4_P 3 recorder wi th  ga lvanotne ters .  A cal ibrate
equivalent was used to correlate the initial calibration with the data
obtained.

The telemetry package consisted of BHC designed signal condition ing
modul es , vector voltage controlled oscillators , Model TL1.407 , and a
conic “L” band telemetry transmitter. The telemetry Link had a maxi-
mum capacity of 13 d~ita channels. The signal conditioning modules
are the passive type , and insert a calibration signal at the end of
each data point. The incoming telemetry multiplex signal includes a
system status and reference signal which is recorded on magnetic tape
in the Ground Data Center. Brush charts are used for real time dis-
play allowing data parameters to be reproduced as they occur.

Calibrations

Standard procedures were used by the BHC Standards and Calibration
Laboratory to instrument the test helicopters . Table I presents a
list of calibrated items and their respective calibration numbers .

Flight Log

A log of all ground runs and flights , li st ing ~he date , flight and/or
gr oun d run numb ers, duration time and configuration , is shown in
Table II.

206—194-134
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TEST HELICOPT ER

The test helicopters used during this test program were the Model
OH—58A Bell S/N ’s 41080 and 41155.

S/N 141080: Prior to the test flight the aircraft was leveled and the
following rigging measurements were obtained.

Main Rotor Mast 5° forward , 10 left

Swash plate

F/A Cyclic (full throw) +17.5° forward , +8.00 aft

Lateral Cyclic (full throw) +5.5° righ t , +8.0° left

Collective Pitch (full throw) —0.5° down , +16.6° up

S/N 41155: Aircraft was received , inspected , and instrumented. The
collective pitch was measured at the main rotor hub and the minimum
blade angle was -1-0.4 degrees and the maximum blade angle was +17.7
degrees.

206—1 94—1 34 4
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RESULTS AND DISCUSSION

Ground Run Results

The aircraft was placed on tiedown and a series of ground runs were
conducted. Cyclic inputs at approximately 1.0, 2.5, and 5.0 cps were
made to obtain baseline pylon stability informa tion and to determine
the effect of first and second drive system torsional mode on pylon
damping . During the evaluation , main rotor thrust was varied from
zero to approximately 21410 pounds .

At a main rotor speed of 200 rpm and with 91 percent collective , the
maximum main rotor blade chord excitation was ±13,500 inch-pounds .
Efforts to determine the blade natural frequency were unsuccessful.

The lateral pylon stops could be contacted with a cyclic input at a
main rotor rpm of 180 and 91 percent collective . Mast bump ing could
be induced with 100 percent collective and at a main rotor rpm of 2140.
Py lon con tact or mast bump ing did not reflect any unusual loads in the
main rotor or fuselage . A maximum tailboom stress of only 4000 psi ,
wh ich is a nominal load , was generated with a cyclic input of approxi-
mately 5.0 cps with a main rotor rpm of 270 and collective at 86 per-
‘ent. To evaluate the Coriolis effect , cyclic inputs were made during
a main rotor rpm sweep with a blade root collective of 10 degrees.

Results obta ined during the ground runs did not offer any insigh t or
peculiarities that might suggest tendencies tha t could result in high
tailboom stresses. Also , it was very difficult to determine fuselage
natural frequencie s while the aircraft was secured during ground run.
As a result , the decision was made to proceed to the flight evaluation .

Fligh t Results

Since the tiedown results were inconclusive , investigation efforts
were directed towards duplicating the tailboom failures reported by
the Army . With a telemetry capability of monitoring critical para-
meter’3, a series of hovering throttle chops and touchdown autorotations
were conducted. During a variety of autorotational landing s, variou s
techniques of cyclic and collective app lication at a disparity of main
rotor rpm ’s were investigated. Many of the basic hypotheses became - 

-inconsequential due to the following .

I. Pylon stop contact with high main rotor coning did not indicate
py lon wh irl tendencies. Lateral pylon spike contact could be
obtained without too much difficulty; however , no unusual loads
or peculiar tendencies were evident. Fore and aft pylon spike
contact was very difficult to obtain.

2. At conditions of high collective pitch and low rotor speed , there
was no evidence of binding in the main rotor flapping bearing.

3. There was no evidence of rotor blade resonant amplification that
could result in large pylon motions and high control loads .

206-194-134
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RESULT S AND DISCUSS iON - (cont)

Fligh t Results — (cont)

4. Cyclic inputs during condi tions of hig h main ro tor coning did no t
appear to  inf luence main ro tor  hub forces .

A to ta l  of 36 touchdown autor o ta t ion  landing s and 10 throt t le  chops
were f lown to obtain da ta .  Anal ysis  of a u t o r o t a t i o n  data began to
suggest  cer ta in trends of maximu m ma in ro tor  f l app ing wi th  h igh  touch-
down airspeeds at low m~ in rotor speeds of 200 rpm or less, see
Figure s 1 through 10. During the th i rd  f l i g h t , a ta i lboom fa ilure was
duplicated to study the i n f luen t i a l  circumstances associated with  the
failure.

Tailboom Failure Evaluation

A review of the recorded data suggested that several factors contri-
buted to the tailboom failure and the absence or reduction of any one
factor was sufficient to prevent failure. The characteristics asso-
ciated with the tailboom failure can be summ arized as follows :

1. Prior to or at aircraft touchdown , the collective must be raised
to the full up mechan ical stop and allowed to remain at the up
stop until the. main rotor rpm decays to approximately 200 or less.

2. Touchdown airspeed must be sufficient to provide considerable rotor
inflow.

3. Main rotor blade coning and flapp ing must be sufficient to produce
fore and aft pylon stop contact.

The combination s of the above results in sufficient rotor-fuselage
inertia to produce damag ing fuselage stress loading .

Comparison of Figure 11, a time history of a norma l touchdown autoro-
tation , and Figure 12, a time history of the touchdown autorotation
when the ta ilb oom f ailur e occurr ed , tend to substantiate the influence
of main rotor flapping with collective position , main rotor speed , and
pylon behavior associated with the failure.

Figure 13 shows aircraft ground contact and subsequent ground roll ,
and Figures 14 through 20 are photographs depicting test vehicle damage
that occurred during the evaluation. Figures 21 and 22 depic t the
extent of the pylon motion during the failure.

Main rotor control and blade loads were normal during the autorotation
landings and only increased after onset of the tailboom failure condi-
tion.

A ver t icaL and rol l  accelerat ion of considerable ampli tude , in excess
of two g ’s, was observed in the cabin. At the conclusion of the land— —

ing , there was - ‘
~~ doubt by the flight crew that damage of one form or
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RESULT S AND DISCUSSION - (cont)

Tailboom Failure Eva luation — (cont)

another had been sus ta ined .  It is the f u r th e r  op inion of the f l i g h t
crew that a pilot of even minimal experience would recognize that the
aircraft had experienced an abnormal situation and would conduct an
exterior safety of flight inspection prior to a takeoff.

Options Available for Failure Reduction: After careful review of
available data , t he  fo l lowing  i tems were evaluated and considered as
possible methods of e liminat ing or reducing the  possibi l i ty  of a f a i lu re .

1. Determine the technique the U. S. Army is using in the t ra in ing
of new and t ransi t ion p ilots , and the ra t ionale  for  the i r
techniques. Also , recommend modifications of existing techniques
if deemed appropriate.

2. Provide cockpit indicator to indicate warning of excessively hard
land ing s and potent ial ly damaging tai lboom vibrations.

3. Re duce the available collective rang e to  avoid excessive dynamic
loading and yet maintain adequate height-velocity margins.

14-. Consider basic s t ruc tura l  modif ica t ions  to s t i f f e n  the cri t ical
areas , reduce stress levels , and/or produce changes in dynamic
response characteris tics and system c oupling .

5. Provide mechanical fixes , such as pylon vis cous or fric t ion dampers,
and fuselage impact and/or friction dampers.

Reduced Collective Evaluation: After reviewing the options available ,
indications were theThest solution to the problem was tha t  improper
autorotative techniques needed revising . However , in the event the ship
were landed improperly it was judged that a reduction of the collective
range would be beneficial. As a resuLt , .. ‘ Model O~i— 5 S1\  i i€ l icopt er , SiN
41155, was instrumented ana a series of tests were begun to determine
the feasibility of limiting the available collective piLc~ during auto-
rotation landings (Option 3). This reduction w.~s accomp Lis~cd by .~ttach—ing an adjustabLe cable on the copilot coLLective stick thut p ysic~~lly
limited the maximum up position of the collective , s.~ i’i~ ur 3. Fig-
ure 24 shows the results of a hangar calibrAtion of coLLcct~ ve stick
position versus main rotor blade angLe. A series of LI- s . - r  

~~~ throttLe
chops , slide on landings , and autorot.~tion t o l d c : .;nwns , t t  vo r i~~~s p. r-
cent of collective reduction were evaluated t~ det~ r: :~inc it  a r.’ J u c —
tion in the available collective wouLd prohibit ma~ :’. it1in~ . i q ~~~tc’hei g h t — v e L o c i t y  margins.  During the  :~overing t~irot~ c :.ct p~. , t t  1 ~‘, rosswei ght (GW ) of 3000 pounds , the re was .i ac-u nite c:~ tng e it i  tL’ c: tr ic-
ter of ma in rotor  blade s ta ll  whe n the avaiL.~bLc C O A L e —  t ive b L ad e  min gLe
was reduced to 75 p e r c e n t ;  however , t ime i i r b o r~~e , wa i -  L is in indicator - 

-
of rotor capabi l i ty,  was a lso  reduced . At 80 perc .:L iv .lilable coLlcc-
tive the  time airborne a f t e r  t h r o t t L e  chop was adequate , 3. u second s ,
and pylon motion and main rotor flapp ing were greatL y r..Juced .
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RESULT S AND DISCUSSION - (cont)

Tailboom Failure Ev aluation - (cont )

Reduced Collect ive Evaluat ion — (cont)
Six a u t o r o t a ti o n  l and ings  wc~e accomplished with the available collec-
tive pitch reduced by approximately 20 percent, and Figures 25 through
30 present the data obtained by using the Federal Aviation Administra-
tion (FAA) Runk Grid Camera. Touchdown calibrated airspeed varied
from 214- knots to 141 knots. Table III presents importan t oscillograph
parameters recorded during the autorotation landings.

Test results indicate that the probability of tailboom failure , wi th
the available collective range reduced by approximately 20 percent ,
is greatly decreased due to a reduction in main rotor flapping.

A mathematical analysis and associated computer study were conducted
to evaluate the tailboom failure problem. The study was concentrated
in the area of main rotor flapping versus main rotor blade angle and
main rotor inflow during autorotation touchdown . Synopsis of the
evaluation concluded that main rotor flapp ing benefits derived by the
reduction of the main rotor blade angle can be reduced by an increase
in rotor inflow. However, the touchdown airspeeds required to produce
the mandatory rotor inf low are considered excessive and unrealistic
for normal autorotation touchdowns. An autorotative touchdown in ex-
cess of 40 kts coupled with improper landing techniques is judged to
be outside the reasonable and mandatory operating envelope of th~
helicopter. As a result , it can b~ concluded that the probability of
a tailboom failure would be greatly reduced by improving autorotation
techniques to avoid high speed touchdowns with high main rotor blade
angles.

U. S. Army Aviation Systems Test Activity (USAASTA) Test Results

A fli ght evaluation of the Model OH-58A Helicopter , S/N 141155 , with a
reduced collective blade angle was conducted by an Army test team at
the BHC Fligh t Res earch Center , Arlington , Texas, on 23 and 214 Novem-
ber 1971.

During the USAASTA evaluation the helicopter was first flown in the
standard OH—58A configuration. The adjustable cable on the cop ilo t
collective stick was instaLle d prior to the second fligh t to limit
the maximum up position of the collective to 80 percent (13.6 degrees
main rotor blade angle at the hub).

A series of touchdown landings were made utilizing techniques that had
produced tailboom failures in the past. Figure 31 presents a time
history of an autorotation touchdown Landing that produced a consider-
abl y high level of vertical tailboom excitation with a near damag ing
stress of 17,586 psi. The pilot reported the touchdown airspeed was
probably in excess of 140 knots indicated airspeed (KIAS). Visible
airframe damage was limited to minor pylon uppe r cowling contact and

2 0 6— 194 — 13 4  8 

-

L. ~~~~~~~~~ 

- -.- ,,. .- -

~~~~

-

~~~~

--—-— -

~~ 

- * . --

~~

--

~~~~

. -

-~~~~~~ -. — -C---— —--— — — — a____ —



.— - -~~~- -, —- —~~~~- S ~-

- 
- 

BELL 
- [use or dIs c loS ure it iIJtj ri t i l ls  j .  ‘ is

HELIC~~~F~TER C()’.lI’A~~ V sup~ect to t he 1,-ill - I  - o s  Ilin I t . -

RESULT S AND DISCUSSI ON - (cont )

USAASTA Test Resul ts  - (con t)

cracked f iberglass f air ing at the tailboom connect ion area. Ai rc ra f t
damage was considered minor and tests cont inued.  This  documented auto-
rotat ion landing incident is an additional substantiation of the com-
puter study results.

The Army test team also conducted tests to determine if the present
height-velocity margins could be maintained when the available collec-
tive range was reduced to avoid excessive dynamic loading . Data were
obtained by using the FAA Runk Grid Camera and results are presented
in Figur es 32 through 314 . Table IV presents the height-velocity time
history data. Figure- 35 shows the runway gradient at the test site .
Maximum available collective was limited to 85 percent. Results of
the evaluation indicated that the maximum collective utilized during
the autorotation was 70 percent and as a resuLt , stiows ttiat adequate
collective is available to maintain present height-velocity margins
at the altitude the test was conducted.
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CONCLUSIONS

A f l i g h t  test program to investigate OH-.58A tailboom failures during
autorotation landings and explore methods of eliminating these fail-
ures has been completed.

The fol lowing conclusions are made on the basis of the subject  f l i g h t
test program .

1. The results obtained during the ground run were inconclusive.

2. Efforts to duplicate a tailboom failure were successful and as a
result , many of the original hypotheses to be investigated became
inconsequential .

3. The combination of maximum main rotor blade angle and flapping ,
low ro tor rpm, rotor inflow , and pylon contact (fore and aft)
has sufficient rotor-fuselage inertia to produce damag ing fuse-
lage stress loading .

4. With the available collective range reduced by approximately 20
percent , test results indicate that the probability of tailboom
f ailure , resulting from improper autorotation techniques , is
greatly reduced due to the reduction in main rotor flapp ing .

5. The probability of tailboom failure would be eliminated by ob-
serving proper autorotation techniques , thereby avoiding high speed -

touchdowns with high main rotor blade angles.
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